According to kin selection and inbreeding avoidance hypotheses, natal dispersal should be facultatively adjusted to balancing the costs and benefits of mother-offspring interactions. In polygynous mammals, it is hypothesized that female offspring should seek to avoid local resource competition with their mother, whereas male dispersal should be determined by inbreeding avoidance. We tested these hypotheses with a field experiment investigating the relationship between territory acquisition and mother's presence in the root vole Microtus oeconomus. This species has a flexible social system in which sisters' and mother's home ranges overlap substantially, whereas sons disperse to a greater extent. Immature sibling voles aged 20 days were released for 20 days together with an unrelated adult male in a 2-patch system either in the presence of their mother or in the presence of an unrelated adult female. Offspring movements were not influenced by mother's presence, but offspring, especially females, avoided the patch occupied by the adult female irrespective of kinship. Offspring remaining in contact with their mother were reproductively suppressed at the middle, but not by the end, of the experimental period. These results indicate that juvenile root voles adopted an opportunistic settlement strategy where they avoided the adult female irrespective of kinship and inbreeding risks.
S
ociality plays an important role in the genetic and demographic makeup of animal populations (Trivers 1985; Frank 1998) . Behaviors like dispersal tactics and social investment in competitive or cooperative interactions are 2 crucial components of animal societies (Le Galliard et al. 2005) . There is widespread variation in the social organization of natural populations (e.g., Crespi 1996) , and it has been hypothesized that this variation results from concurrent adaptive changes in the spatial distribution and social investment of individuals (Emlen 1997; Le Galliard et al. 2005) . Kin selection offers a comprehensive framework to understand this diversity and points out that variation in social organization should be explained by differences in the kinship structure of natural populations (Hamilton 1964; Frank 1998) . Kinship structures are indeed involved both in the evolution of dispersal (e.g., Hamilton and May 1977) and in the evolution of social investment traits like competition or cooperation (reviewed by West et al. 2002) .
When kinship structures vary in space and time or according to predictable demographic traits (e.g., age), evolutionary models predict that social partners should invest facultatively in social traits (competition, cooperation, or dispersal) according to cues indicative of kinship (Ronce et al. 1998; Kisdi 2004) . Kinship-dependent dispersal strategies are likely to be superior to unconditional dispersal tactics because individuals may choose to pay the costs of dispersal only when the benefits derived from social interactions with relatives are small enough (e.g., Perrin and Lehmann 2001; Devillard et al. 2004 ; Le Galliard et al. 2005) . Studies conducted in a wide range of taxa have found that social partners vary in their degree of cooperative or competitive investment according to kinship (e.g., nepotism), but the idea that individuals could also rely on kinship to disperse or aggregate is controversial (Lambin et al. 2001; Clobert et al. 2004) . There are few examples where animals decide to settle according to direct genetic cues (Petrie et al. 1999; Baglione et al. 2003; Sinervo and Clobert 2003) . However, indirect cues of kinship, like phenotypic signals learned early in life, are more often involved in kin recognition (Hepper 1991) and therefore may influence dispersal decisions in a larger diversity of taxa (e.g., Léna et al. 2000; Le Galliard et al. 2003) .
Mother-offspring associations are widespread kinship structures in bird, mammal, and also in some reptile species and therefore should have strong effects on natal dispersal, that is, the dispersal of offspring out of their birth place (Wolff 1994; Lambin et al. 2001; Le Galliard et al. 2003) . Social interactions between mother and their offspring are more likely than father-offspring interactions because females usually invest more in reproduction and parental cares than males. In species like mammals with a characteristic lactation period, bonding between mother and offspring may also promote the evolution of maternal and postnatal effects on natal dispersal according to the presence or characteristics of the mother (e.g., Bekoff 1977; Holekamp 1986; Ims 1989; Wolff 1994) . In female-defense polygynous mammals, local resource competition between daughters and their mother is considered as a prime incentive for female natal dispersal, whereas male dispersal should be influenced by inbreeding avoidance with their mother (reviewed by Perrin and Mazalov 2000) . However, female-female interactions can be cooperative, and kin cooperation among female mammals may also select for female philopatry (Perrin and Goudet 2001) . Whether mothers may tolerate to share space with their daughters will depend on the balance between benefits and costs of kin aggregation (reviewed by Solomon 2003) . The effects of kin interactions on sex allocation (primary or secondary sex ratio) are well supported in mammals (Lambin 1994; Lambin et al. 2001 ), including our study species (Aars et al. 1995) , but how mother-offspring interactions influence sex-specific dispersal decisions is poorly known.
Here, we used a field experiment to study the influence of mother-offspring interactions on sex-specific natal dispersal and sexual maturation, hence territory acquisition, in the root vole Microtus oeconomus. The social structure of root vole populations is characterized by female philopatry, substantial spatial overlap between female home ranges, and matrilineal structures within local patches of habitat (Ims et al. 1993) . Males disperse more and longer distance than females (Steen 1994) . Like for many other microtine rodents, root voles are able to recognize relatives based on familiarity and preweaning associations (Batzli et al. 1977; Le Galliard et al. 2006 ). Inbreeding depression due to sib-sib mating has been detected and gives a reduction in litter size and pregnancy rates under laboratory conditions in the southern strain used for our experiments (dos Santos et al. 1995) . Because the social organization of root voles is typical of female-defense polygyny (Boonstra et al. 1987) , we first predict that daughters should disperse and/or delay maturation to avoid local resource competition when they remain in the range occupied by their mother. We also predict that sons should disperse and/or delay maturation to avoid inbreeding when they remain in the range of their mother. However, if sociality within female kin groups is as important for daughters' reproductive success as in other microtine species (e.g., McGuire et al. 1993; Mappes et al. 1995; Lambin and Yoccoz 1998) , mothers could tolerate their daughters to a greater degree than unrelated female. In order to test these predictions, weaned sibling root voles were released together with an unrelated adult male in a 2-patch system either in the presence of their mother or in the presence of an unrelated adult female. We then assessed sexual maturation and movements of sibling using live trapping and passive integrated transponders technology during the critical stage for territory acquisition in this species.
MATERIALS AND METHODS

Model species
Root voles (Microtus oeconomus) are small and sexually dimorphic rodents that inhabit highly fragmented habitats in subartic and artic environments (Tast 1966) . The basic social structure in this species involves territorial males and kin clusters of females (usually mothers and daughters) that share space ). In our field site at Evenstad Research Station, Hedmark County, Southeast Norway (250 m above sea level, 61°25#N, 11°04#E), root voles breed from spring to late autumn. Litter sizes range from 1 to 11 pups (mean ¼ 6.26 6 1.43 standard deviation [SD]), weaning age ranges from 15 to 20 days, and mean age at natal dispersal and sexual maturation has been found to be approximately 25-26 days old in early summer cohorts (Ims 1997; Andreassen and Ims 2001) .
Experimental system
Our field experiment took place between 11 June and 24 October 2005. The experimental area consisted of 6 plots fenced with vole-proof barriers and measuring each 50 3 17 m. In early May 2005, we created 2 habitat patches of tall and dense meadow vegetation in each of the 6 plots by mowing and applying herbicide along the edges and a 10-m strip dividing the 2 patches (see Figure 1 ). We applied herbicide to the nonhabitat areas every other week throughout our study to maintain a barren matrix that prevented settlement of voles. Each habitat patch measured 16 3 8 m, which matches the typical area occupied by one matrilineal cluster of breeding and nonbreeding females at Evenstad Andreassen and Ims 2001) . Small patches like the one used in this study can also host kin clusters of female root voles in natural populations (Lambin et al. 1992; Viitala 1994) . The 2 habitat patches of the same plot were located at a linear distance of 10 m. Previous studies at Evenstad have found that this interpatch distance impedes movements significantly in female root voles (Andreassen and Ims 2001) . To prevent predation, the study area was covered by a net extending approximately 2 m above ground and surrounded by a chicken wire fence 1.5 m high topped with an electric wire.
Experimental procedures
The root voles originated from a southern Norwegian strain outbred for 2-3 generations at the Animal Division, Department of Biology, University of Oslo. To obtain juveniles for release at the right age, a group of 13-21 (mean ¼ 18.7) breeding pairs was initiated on average 41 days before the start of each experimental trial. Adults usually mated right after initiation of the breeding pairs, and females delivered a litter on average 23.4 days later (62.21 SD). To obtain nongravid adult females for release in the field, the adult males were removed from the breeding cages and kept in isolated cages approximately 5 days prior to parturition. Pups were left with their mother and had no contact with their father in the laboratory. We hypothesized that contacts with fathers were also rare in natural populations because male root voles occupy much larger territories and invest less than females in parental cares (Gundersen G, personal observation, based on radiotelemetry). The day prior to release, the number of weaned offspring was again counted (mean ¼ 4.5 6 1.06 SD). We then individually marked all animals by toe clipping and implanted them with a small passive integrated transponder (PIT) tag (Trovan ID-100) under the skin. Offspring (n ¼ 161) were sexed, and all animals were weighed (to the nearest 0.1 g) and measured for head width (to the nearest 0.01 mm) by the same person.
Each experimental trial started with the release of a litter, an adult female, and an adult male in one habitat patch of each of 6 study plots (see Figure 1) . We released an adult male that had never been in contact with the adult female in the laboratory and that was not the father of the litter. The introduction of this adult male provided all females with Figure 1 Habitat configuration, location of traps (filled rectangle), and location of PIT tag recording antenna (filled circle) in one of the 6 study plots. Hatched areas are habitat patches, and white areas are nonhabitat areas.
immediate mating opportunities and simulated natural levels of competition for mates between males (Andreassen and Ims 2001) . Each study plot was assigned to one of 2 treatments: in control plots, the adult female was the mother of the litter, while in treatment plots, the adult female was unrelated to the litter. The introduction of an unfamiliar adult male did not confound this treatment, and we released adults of similar age, body mass, and head width in the 2 treatments. Treatment groups were also matched for offspring age, body mass, and head width, as well as for litter size and sex ratio (mixed-effects model, treatment comparisons, all P . 0.26). To ensure independence between treatments and plots, we interspersed the location of treatments during each trial and changed the location of treatments between trials.
In the evening before the release day, we introduced siblings and the adult female of the same release plot in 2 separate cages and placed the cages in the center of the release patch ( Figure 1 ). The adult male was introduced in the release patch at the same time. Cages were opened in the early morning of the following day (ca. 6:00 PM) and kept at the release point during the whole trial. We used this procedure to familiarize siblings and the adult female with the release habitat and avoid movements due to release stress. Voles were then left undisturbed for a period of 20 days where we monitored their daily activity. For this aim, each habitat patch was equipped with 2 tube-shaped single coil antennas each placed at the center of each half of the habitat patches ( Figure 1 ). The custom-made antenna consisted of a plastic tube (20 3 4 cm) and were placed on the ground along runways to maximize recording rates (Korslund and Steen 2006) . Antennas were attached to Trovan LID665 OEM PIT tag decoders (LID665, EID Aalten BV, Aalten, Netherlands) that recorded PIT tag ID, date, and hour each time a tagged vole passed through the antenna.
We also trapped voles with Ugglan live traps on days 9 and 10 (middle of the experimental period) and on days 20 and 21 (end of the experimental period). Eight live traps were located in the vegetation on the edge of each patch and 2 by the fences (fence traps; see Figure 1 ). Traps, baited with carrots and wholegrain oats, were first activated at 20:00 h with trap checks every forth hour until 12:00 noon on the next day. The same person recorded individual identity, trap station, body mass, head width, and sexual maturity for each trap event. At the end of the experimental period, all trapped animals were removed from the system. After removal, animals were killed by cervical dislocation and dissected to record the number of visible embryos in females (i.e., fecundity) and the size of testis in males. We measured length (L) and maximal breadth (B) of testis to calculate testis size using the ellipsoid formula
Study variables and statistical analyses
We captured all surviving individuals at the end of each trial (100% capturability) and hence could determine individual fate (alive versus dead) without statistical uncertainty. Survival was analyzed with a mixed-effects logistic regression (McCullagh and Nelder 1989) . The full model included the fixed effects of treatment groups, sex, season, and their 2-way interactions. We modeled seasonal changes with a linear effect of study trial after checking for nonlinearity. We used enclosure within treatment as a nested random factor and added the random effects of breeding pair identity. Space use was analyzed using PIT tag records. Natal dispersal status and spatial overlap with the adult female were defined according to the location of individuals (Gundersen and Andreassen 1998; Le Galliard et al. 2006 ). Individuals found in the release patch were defined as ''residents,'' individuals found in the immigration patch were called ''immigrants,'' and juveniles found in the same patch as the adult were classified as ''overlapping with the adult.'' The full data set involved 15 338 recordings (2520 for adult females, 5178 for adult males, and 7640 for juveniles). We calculated individual time series of PIT tag recordings over daily intervals (starting midnight) and calculated 3 different variables to characterize the daily space use of voles. We measured location (daily proportion of PIT tag recordings in the immigration patch), interpatch shifts (daily number of recorded movements between the 2 patches) and, for juveniles, overlap with the adult (daily proportion of time spent in the same patch as the adult). In the space use overlap analysis, we converted the PIT tag observations into individual continuous time series containing daily information on location. We then compared time series of location data of juveniles with those of adults to calculate the proportion p of time that juveniles spend in the same patch as the adult. These data had an asymmetric distribution, with most observations concentrated toward values of either 0 or 1. We therefore calculated a surrogate ''preference index'' that was given the value 0 when p , 0.5 and 1 otherwise. The location, interpatch shifts, and spatial overlap data were analyzed with mixed-effects generalized linear models. In addition to the main effects listed in the previous section, these statistical models included fixed effects of day to control for temporal variation in space use during the trial and random effects of individual identity to control for nonindependence among recordings made on the same animal. We used binomial error terms and logit links for location and spatial overlap data, and Poisson error terms and a log link for interpatch movements data (McCullagh and Nelder 1989) . These models fit the data well, and their goodness-of-fit tests (Pearson chi-square tests) were all satisfactory.
We further investigated whether treatment and overlap with the adult female affected body growth and sexual maturation in juveniles. We did not analyze potential effects of overlap with the adult male because adult males used larger areas than adult females and therefore roamed over the entire areas of the experimental plot (see below). For these analyses, we excluded 6 replicates where the adult female died during the course of the study. To describe overlap with the adult female, we used data from the PIT tag recordings of the last 5 days before growth and sexual maturation were assessed. Overlap was calculated as the proportion of time that juveniles spend in the same patch as the adult female. We analyzed body growth using head width data. Head width relates to structural size in voles, and the repeatability of head width measurements was strong (analysis of repeated measurements, 160 individuals, 353 observations, F 119,233 ¼ 65.54, P , 0.0001, r ¼ 0.98). We also studied sexual maturation in juveniles based on field observations (middle of the experiment) and dissection data from the laboratory (end of the experiment). In the field, voles were recorded as having reached sexual maturity if males had scrotal testes and if females had perforated vagina, indicating estrus. In the laboratory, females were considered sexually mature based on the presence of visible embryos, whereas males were recorded as sexually mature based on the presence of visible tubili in the cauda epididymis. We also studied female fecundity and male testis size to get a better view of the reproductive success and onset of sexual maturation in juveniles. Testis size has been found to correlate positively with sexual maturation and sexual activity in mammals (e.g., Kerbeshian and Bronson 1996) . All analyses were performed with SAS v.8.2 software (Littell et al. 1996) , and for each response, a final model was selected after backward elimination of nonsignificant terms (P . 0.05). Results are shown as mean 6 standard error unless otherwise stated.
RESULTS
Effects of the manipulation on adults
We recaptured 28 of 36 males and 30 of 36 females after the field period, but 10 of the 14 adults' death took place during the 2 first trials where magpies (Pica pica) were seen to attack our traps. To avoid further predation by magpies, we covered all traps with a plastic box, which reduced mortality significantly (F 1,64 ¼ 9.24, P ¼ 0.003). When excluding mortality due to magpies, survival was not affected by treatment (Fisher's exact test, P ¼ 0.25). Potential effects of treatments on adults' space use were tested using daily PIT tag recordings of interpatch movements and spatial location. The treatments did not affect the number of interpatch shifts (F 1,69 ¼ 1.23, P ¼ 0.27) and the spatial location of adults (F 1,65 ¼ 0.68, P ¼ 0.41). . Looking more closely at the individual recordings for adult females, we found 29 typical ''residents'' and 7 typical ''immigrants.'' In residents, however, some females (n ¼ 11) made occasional sallies out of the release patch, but these sallies were rare (0.12 6 0.01 per day) and short term (percentage of time spent in immigration patch ¼ 0.9 6 0.02).
The head width of adults increased slightly during the course of the field study (average increase ¼ 0.61 mm 6 0.07; t ¼ 9.05, degrees of freedom [df] ¼ 57, P , 0.0001). Head width growth decreased linearly with season (F 1,50 ¼ 8.16, P ¼ 0.006, slope ¼ ÿ0.094 mm per trial 60.52) and also with initial head width (F 1,50 ¼ 22.31, P , 0.001, slope ¼ ÿ0.30 mm/mm 6 0.06), but treatment had no effect on growth (F 1,47 ¼ 0.02, P ¼ 0.88). After the field period, all recaptured adult males had scrotal testis, all adult females had visible embryos, and the number of visible embryos in females was not different between control and treatment groups (F 1,28 ¼ 0.01, P ¼ 0.91; control: 4.86 6 0.52, treatment: 4.94 6 0.48).
Juvenile survival
The survival of released offspring varied among trials but was not affected by treatment (F 1,27 ¼ 0.64, P ¼ 0.43). The best model describing seasonal variation in juvenile survival indicated low survival during the 2 first trials (0.44 6 0.11), high survival from trial 3 to trial 5 (0.89 6 0.04), and a lower survival later in the season (0.70 6 0.12; F 2,123 ¼ 15.63, P ¼ 0.006). Females survived slightly better than males (F 1,123 ¼ 4.26, P ¼ 0.04, logit contrast ¼ 0.81 6 0.39), and survival tended to increase with initial body mass (F 1,123 ¼ 3.52, P ¼ 0.06, logit slope ¼ 0.26 6 0.14).
Space use by juveniles
Thanks to the PIT tag recordings, each of the 161 juveniles was observed on average 3.9 times per day (64.75 SD) during the experimental period. Males were seen more often than females, but treatment had no effects on the number of observations (results not shown). The space use (spatial location, spatial overlap with the adult, and number of interpatch shifts) of juveniles could therefore be described accurately on a daily basis. Juveniles did not avoid the patch occupied by the adult male (overlap ¼ 0.55 6 0.02), and the spatial overlap between juveniles and the adult male was not affected by treatment, juvenile sex, and season (all P . 0.18). This result was expected because adult males made regular movements between the 2 habitat patches and therefore used the 2 habitat patches as part of the same home range. The other space use descriptors were not affected by the presence of the mother (treatment effect for spatial location: F 1,34 ¼ 0.35, P ¼ 0.55; spatial overlap with the adult female: F 1,33 ¼ 0.06, P ¼ 0.81; and number of interpatch shifts: F 1,34 ¼ 0.58, P ¼ 0.45), irrespective of the sex of the offspring (treatment 3 sex effects for spatial location: F 1,1804 ¼ 0.03, P ¼ 0.85; spatial overlap with the adult female: F 1,2238 ¼ 0.89, P ¼ 0.35; and number of interpatch shifts: F 1,1790 ¼ 0.13, P ¼ 0.72; see Figure 2 ). The space use patterns showed significant temporal and seasonal variation, however ( Table 1 ). The proportion of animals located in the immigration patch increased steadily during the first 4 days of the experiment, whereas the spatial overlap with the adult female decreased and the number of interpatch shifts plateaued (Figure 2) . Furthermore, the onset of dispersal got advanced and the dispersal probability became lower from early to late summer (Table 1) . Regarding sexual differences in space use, female juveniles avoided the adult female, irrespective of kinship, more often than males, and males made more interpatch shifts than females (Table 1 and Figure 2 ). Similar results were obtained when we described the spatial location of voles using live trapping data (results not shown).
Juvenile body growth
Head width growth was not influenced by treatment, spatial overlap with the female, or the interaction between both factors, although the interaction term between treatment and spatial overlap with the adult female was marginally significant (Table 2) . Head width growth decreased with spatial overlap with the adult female in control plots but not in treatment plots. In addition, head width growth decreased seasonally as well as with initial head width, and females grew faster than males (Table 2) .
Juvenile sexual maturation
In the middle of the experiment, sexual maturation probability was marginally affected by an interaction between treatment and spatial overlap with the adult female (v 2 ¼ 3.23, df ¼ 1, P ¼ 0.07) and decreased logistically with season (v 2 ¼ 50.23, df ¼ 1, P , 0.0001, logit slope ¼ ÿ0.68 6 0.11). In treatment plots, sexual maturation was not affected by overlap with the adult female (logit slope ¼ ÿ0.53 6 0.62; v 2 ¼ 0.74, df ¼ 1, P ¼ 0.39), whereas overlap with the mother suppressed maturation in the control group (logit slope ¼ ÿ2.24 6 0.71; v 2 ¼ 10.07, df ¼ 1, P ¼ 0.001). The same result was found when we used live trapping data to assess overlap with the adult female (Figure 3 
DISCUSSION
Experimental design
Our field experiment quantified potential effects of motheroffspring interactions on sexual maturation and dispersal tactics by offspring. The field experiment mimicked colonization of a patchy landscape where offspring could settle in an initially empty patch or reside within the range occupied by their mother or by an unrelated adult female. The field experiment closely simulated root vole spatial population dynamics when adult females and their offspring colonize initially empty habitats (Tast 1966; Lambin et al. 1992 ). The population density (i.e., one family unit per habitat patch) was chosen to produce significant levels of competition for space and food resources in the release patch relative to the initially empty patch. Indeed, Gundersen et al. (2002) showed that competition between offspring and one adult female in the habitat patch would significantly depress offspring survival and body growth. Therefore, there should have been strong incentives to reduce kin competition, and more generally competition, through dispersal. The experiment covered a period from early summer to fall when offspring start to postpone their maturation to the next year (Andreassen and Ims 2001) . Seasonal changes in food availability and life history decisions could confound our results; however, because the experiment was replicated throughout the study period, the seasonal variation was controlled for statistically, and we found a significant proportion of sexually mature offspring even at the end of the experimental period. Juvenile and adult movements were assessed with PIT tag technology, enabling a detailed investigation of temporal dynamics in space use. However, because each patch was equipped with only 2 antennas, animal location could not be reported with perfect knowledge, and the PIT tag data involved some statistical uncertainty due to capturability. For example, some voles could move between habitat patches undetected, and there was an unknown lag time until detection when a vole entered a new patch. Our estimates of space use descriptors were therefore biased (in the statistical sense) due to nonexhaustive, and potentially unequal, capturability among individuals. However, we believe that this bias is unlikely to alter our main findings. First, the PIT tag data gave similar results as the live trapping data, which involved 100% capturability and were therefore not affected by statistical biases. Second, the behavioral activity of juveniles (measured by the number and time of the day of PIT tag records) was not influenced by spatial location and treatments (results not shown), suggesting that activity and therefore capturability of voles were homogeneous between habitat patches and treatments. The issue of controlling for unequal capturability in time-continuous observations of animal movements such as ours deserves further statistical work.
Mother-offspring competition
When mothers and daughters compete locally for critical resources, a significant proportion of the daughters should disperse to avoid the risks of kin competition even if dispersal is costly (Hamilton and May 1977; Perrin and Mazalov 2000) . Local resource competition among females was first described by Clark (1978) and is considered of prime importance to explain the evolution of sex-biased dispersal strategies (Perrin and Mazalov 2000) . In Anthechinus marsupials, Figure 2 Daily patterns of space use by male and female juvenile root voles in the presence (control plots) and in the absence of the mother (treatment plots). Space use was monitored continuously throughout the experimental period using passive integrated transponders technology. (A) Proportion of observations in the immigration patch (natal dispersal probability) per day, sex, and treatment class. (B) Proportion of time spent in the same patch as the adult female (overlap with the adult female) per day, sex, and treatment class. (C) Number of interpatch shifts per day, sex, and treatment. Results are shown per day and treatment group to illustrate temporal variation in space use. Data are least square means of generalized mixed-effects linear models including sex and treatment effects and back transformed to the natural scale. The SEs have not been reported for ease of visualization (see Table 1 for statistical details). mothers may control daughter dispersal by behavioral dominance (Cockburn et al. 1985; Fisher 2005) , but natal dispersal under parental consent appears to be the norm for most mammals (Wolff 1994) . In microtine rodents, mothers often exhibit behavioral tolerance toward their daughters, sharing substantial space and food resources with female relatives (McGuire et al. 1993; Mappes et al. 1995; Lambin and Yoccoz 1998; Ims and Andreassen 1999; Solomon 2003) . When the benefits of space sharing and cooperation are strong, local resource cooperation may thwart local resource competition and thus select for mother-daughter associations (Perrin and Goudet 2001; Perrin and Lehmann 2001; Devillard et al. 2004 ). Here, however, mother's presence did not cause natal dispersal in daughters, and potential mother-daughter associations were disrupted due to frequent daughters' movements out of the release patch. Juvenile females avoided the patch occupied by the adult female, irrespective of kinship.
Resident male offspring may also compete for resources with their mother, and males may risk inbred mating with their mother or other female relatives if they remain within the natal home range. The synergetic effects of kin competition and inbreeding avoidance select for strongly male-biased dispersal in polygynous species (Perrin and Mazalov 2000) . We therefore predicted that natal dispersal by sons should be strongly associated with the presence of the mother, as pointed out by reviews of juvenile male dispersal in mammals Analyses are based on daily observations of PIT tag recordings collected from day 1 to day 20 of the experiment (see Materials and Methods for more explanations on the statistical models). *** P , 0.001, ** P , 0.01, and * P , 0.05. (Pusey 1987; Clutton-Brock 1989; Wolff 1994 ). This prediction was not supported because natal dispersal by juvenile males was unrelated to the presence of the mother. As for females, juvenile males avoided the patch occupied by the adult female, irrespective of kinship. Altogether, these results indicate that juvenile root voles adopted an opportunistic dispersal strategy where they avoided the adult female irrespective of kinship. Thus, occupation of the range by an adult female rather than kinship was the social cue used by juveniles to emigrate and immigrate. Very few studies have tested experimentally for effects of parents on sex-specific offspring settlement in small mammals (Lambin et al. 2001; Wolff 1994) and their results are equivocal (Ims 1990; Wolff 1992; Jacquot and Vessey 1995) . We can therefore only speculate on the reasons why natal dispersal was not strongly responsive to mother's presence here. Root voles are inhabitant of temporary flooded habitats with strong population turnover (Andreassen and Ims 2001) . These ecological conditions might have selected for density-dependent rather than kinship-dependent dispersal in this species (Cadet et al. 2003 ). An alternative explanation is that the presence of an adult female is used as a cue of mother's presence by juveniles. However, this explanation runs against the fact that root voles are able to discriminate their mother from unrelated, unfamiliar females (Batzli et al. 1977; Le Galliard et al. 2006) . Furthermore, in unstable habitats with high adult turnover, this cue would not be an efficient mean to avoid kin competition because mothers may die or disperse after breeding (Tast 1966) .
Inbreeding avoidance
Although natal dispersal was not affected by mother's presence, juveniles could be reproductively suppressed when they remained in contact with their mother. Reproductive suppression should be stronger for sons that risked inbred mating with their mother (Pusey 1987; Clutton-Brock 1989; Wolff 1994) . Gundersen and Andreassen (1998) reported on reproductive suppression due to overlap with the mother in a shortterm nonmanipulative study of space use in root voles. However, our longer term manipulative study of body size growth, Control: presence of the mother. Treatment: absence of the mother. *** P , 0.001, ** P , 0.01, y0.05 , P , 0.10.
Figure 3
Sexual maturation of juvenile root voles at the middle of the experimental period (mean age ¼ 30 days) in the presence (control plots) and in the absence of the mother (treatment plots) as a function of spatial overlap with the adult female. Spatial overlap was calculated based on live trapping data for ease of visualization. Sexual maturation probability was influenced by an interaction between treatment and spatial overlap with the adult female (v 2 ¼ 5.74, df ¼ 1, P ¼ 0.02).
sexual maturation, testis size, and fecundity showed that reproductive suppression in juveniles due to mother's presence was weak and transitory. Body size growth was negatively influenced by overlap with the mother, but this effect was only marginally significant. Furthermore, sexual maturation in males and females was apparently decreased by overlap with the mother at the age of 30 days, but most male and female juveniles were reproductively active at the age of 40 days irrespective of the presence of or overlap with the mother. Because the fitness costs of inbred mating reported in the literature for root voles may be small relative to the strong fitness advantages of early maturation during the breeding season for small mammals living in Northern Europe (dos Santos et al. 1995) , disproportionate costs of delayed maturation might have negated any potential benefits of reproductive suppression from inbreeding avoidance in this species. The absence of strong reproductive suppression between relatives is consistent with conclusions of a laboratory study on prairie and meadow voles by Wolff et al. (2001) .
Conclusion
Current theory indicates that sociality and dispersal should be influenced by a web of multiple interacting selective pressures (Perrin and Goudet 2001; Le Galliard et al. 2005) . Understanding family dynamics therefore requires combined field and experimental studies that address the multiple causes and consequences of social and dispersal strategies (Emlen 1997) . Matrilineal female groups are an important feature of the social structure of root vole populations where breeding dispersal by adult females is rare while both juvenile and adult males disperse extensively (Ims and Andreassen 1999) . At low population density, our results indicate that matrilineal groups should be disrupted by extensive natal dispersal toward empty patches of habitat. Mother-daughter associations might therefore build up from demographic constraints on natal dispersal at high population density. Our study did not find any fitness consequences of mother's presence or overlap with the mother's range for daughter's survival and reproduction, and therefore, the function of matrilines remains unclear (see also Ims and Andreassen 1999) . Females might simply do the best of a bad job by sharing space and food resources when social fences prohibit dispersal, but there might be inclusive fitness benefits of increased female tolerance, such as protection against infanticide . To test this scenario for the emergence of female kin groups, joint manipulations of population density and mother's presence should be conducted.
